Induced rcgurgitants from Mexican bean beetles, Epilachna varivestis Mulsant, and bean leaf beetles, Cerotoma trifurcata Forster, fed on southern bean mosaic virusinfected Black Valentine bean, contained concentrations of virus comparable to those in crude sap from infected leaf tissue. The virus in regurgitant of either beetle was not inactivated by storage in vitro at room temperature for 7 days. Regurgitants inhibited infection when pooled and mixed with purified virus. When beetles were fed on Pinto bean leaves dipped in purified virus concentrations of 1 or 10 mg virus/ml buffer, the amount of virus in the regurgitants and serial transmission levels by both beetles were related to the concentration from which acquisition occurred. A reduction in transmission levels with time after acquisition feeding occurred at different rates for each species of beetle and was associated with decrease of virus in the regurgitant. Mexican bean beetles but not bean leaf beetles which had fed on bromophenol blue-impregnated leaf tissue produced blue-coloured regurgitant and deposited the dye on feeding areas.
INTRODUCTION
Since leaf-feeding beetles were first recognized as plant virus vectors, the presence of virus in regurgitant of the beetles has been known (Smith, 1924) . It has been suggested for several beetletransmissible viruses that it is the regurgitated virus which is transmitted (Markham & Smith, 1949; Dale, 1953; Freitag, 1956) .
The relationship between virus in regurgitant and transmission has only been implied. Slack & Fulton (1971) recovered both tobacco ringspot virus, which is not beetle-transmissible, and bean pod mottle virus, a beetle-transmissible virus, from the regurgitant of bean leaf beetles (BLB) that fed on doubly infected hosts. Also, Scott & Fulton (1978) showed the presence of a cowpea strain of tobacco mosaic virus, a non-beetle-transmissible virus, and southern bean mosaic virus (SBMV), a bcetle-transmissible virus, in BLB regurgitant following feeding on infected tissue or injection of purified virus into the haemocoele.
Despite the fact that non-beetle-transmissible viruses may also be present in beetle regurgitant, the most obvious direct pathway for transmission of beetle-transmissible viruses would be by introduction of virus-contaminated regurgitant into a feeding wound. In this paper we evaluate the association of SBMV with regurgitants of Mexican bean beetles (MBB) and BLB, which are vectors of SBMV.
METHODS
Beetles. Mexican bean beetles, Epilachna varivestis Mulsant, and bean leaf beetles, Cerotoma trifureata Forster, were laboratory-reared (Holcomb & Fulton, 1978) . Additional BLB were collected in soybean fields. All beetles were maintained on bean plants (Phaseolus vulgaris L. cv. Pinto).
Virus acquisition. Some tests utilized beetles fed 5 to 12 h on SBMV-infected Black Valentine or Cherokee wax bean. To compare the effects of ingestion of different virus concentrations, beetles were fed for 4 to 6 h on 2 cm x 2 cm squares of Pinto bean primary leaves which had been dipped in purified SBMV (Diener, 1965) at concentrations of either 1 mg or 10 mg virus/ml buffer. This tissue was placed on a moist paper towel in a Petri dish with one beetle per dish. The amount eaten by each beetle was measured by placing the remaining tissue on graph paper and drawing the feeding patterns. Beetles ingesting similar amounts of tissue were compared. 
Assay of virus in regurgitant and crude sap.
Beetles were induced to regurgitate into a capillary tube by applying slight pressure to the abdomen while holding the beetle between the thumb and forefinger. The regurgitant, which ranged in volume from 0.15 to 3 ~tl, was mixed with the appropriate amount of 0-01 M-sodium phosphate buffer pH 7.2 in welled slides. Local lesion assays were made on Carborundum-dusted half-leaves of Pinto primary leaves. Comparisons were made of virus in regurgitant from beetles fed on systemically infected bean and crude sap extracted with a leaf press from similar tissue. Both sap and regurgitant were diluted 1 : 10 000 with phosphate buffer.
Inhibitor in regurgitant.
Regurgitants from several beetles fed on healthy plants were pooled in phosphate buffer until the initial dilution of the regurgitant reached 1:10. Twofold dilutions were made (up to 1:320) and purifi'ed SBMV sufficient to yield 50 to 100 lesions per half-leaf was mixed with the dilutions and compared with purified virus on Pinto bean half-leaves.
Transmission tests. Following acquisition feeding on virus-treated tissue, beetles were serially transferred daily for 5 days to healthy Black Valentine bean plants. One beetle was caged per plant. Two weeks after each individual transfer, virus transmissions were determined by Ouchterlony gel diffusion tests.
Bromphenol blue test. Stems of young Pinto bean plants were placed in an aqueous solution of 5 ~ bromophenol blue until blue colouring could be observed in the leaf tissue. Beetles were then given access to the tissue. Regurgitant was collected from some of the beetles immediately following feeding. The other bromophenol blue-fed beetles were either fed on primary leaves of Pinto bean etiolated by growing in the dark to facilitate detection of the dye or were dissected to observe the progress of the dye within the beetle.
RESULTS

Virus in regurgitant of viruliferous beetles
Regurgitant from both species of beetles fed on systemically infected bean leaves contained virus infectivity comparable to that found in crude sap (Table 1) . As an extension of this experiment comparing virus contents of sap and regurgitants, undiluted samples of each were stored in capillary tubes for 7 days at room temperature before dilution with buffer and comparison on Pinto bean half-leaves. Infectivities remained equal, demonstrating that the regurgitants of the two beetles are no more deleterious to the virus than crude sap.
The amount of virus in the regurgitant was related to the amount of virus ingested during acquisition. When beetles were fed on Pinto bean leaves dipped in two concentrations of purified virus, regurgitants reflected the differences in virus concentrations (Table 2) . Invariably, both MBB and BLB fed on the '10 mg' tissue contained more virus in their regurgitants than those fed on the '1 mg' tissue. Tests for virus using a comparable set of beetles maintained on healthy Pinto bean for 3 days (MBB) and 5 days (BLB) after acquisition feeding continued to show differences in virus activity related to the two levels of virus ingested (Table 3) . (17) 82 (21) 6 13 (226) 53 (229) 7 48 (139) 110 (137) 8 17 (153) 49 (143) 
Transmission related to virus in regurgitant
Transmission tests, summarized in Table 4 , show the typical patterns that have been described previously (Fulton & Scott, 1974) , i.e. MBB transmit virus efficiently for the first 2 or 3 days followed by a pronounced reduction in the number of transmissions. BLB continue to transmit at 5 days, although in reduced numbers. All 14 MBB tested 3 days after acquisition feeding (Table 3 ) contained virus in their regurgitants but only seven of 41 transmitted SBMV (Table 4) . Similarly, virus was detected in regurgitants from 17 of 20 BLB 5 days after acquisition but only four of 28 transmitted virus.
The amount of virus acquired affected transmission. When MBB were fed on the '1 mg' leaves, 17 of 102 transmitted SBMV but 38 of 105 transmitted after feeding on the' 10 rag' leaves. Transmissions obtained with the BLB were 26/79 ('1 mg') and 35/76 ('I0 rag'). 
Inhibitors & regurgitants
Regurgitants of each beetle species showed low levels of inhibition of virus infectivity when pooled and mixed with purified virus. Although lesion counts were reduced considerably at 1:10 and 1:20 dilutions of regurgitants from both types of beetles when compared with purified virus in buffer only, infectivity was usually demonstrable. Inhibition was greatly reduced or no longer evident when regurgitants were diluted 1:40 or 1:80. Also, loss of ability of beetles to transmit virus with time is not due to accumulation of an inhibitor within the beetle as a result of the presence of virus. 'Recharging' of both species of beetles on infected tissues a few days after the initial acquisition feeding resulted in an increase of virus infectivity in the regurgitants to the original levels.
Bromophenol blue in regurgitant
MBB fed on Pinto bean leaves impregnated with bromophenol blue solution had blue indicator in induced regurgitant for approx. 1 h after feeding. When the beetles were fed on etiolated bean leaves, the blue dye could be seen along the edges of the feeding areas for the first h following exposure to the dye. This phenomenon could not be demonstrated with the BLB. No dye was observed in induced regurgitant or on feeding areas. Dissection of both types of beetles immediately and 1 h after feeding on tissue treated with dye showed no blue coloration in the haemolymph. The dye was observed in the midguts of MBB at both times but had cleared the midguts and entered the hindguts of BLB dissected immediately after feeding.
DISCUSSION
It is not known how beetles transmit virus but the most logical explanation involves virus deposited in feeding wounds during regurgitation. These studies indicate that beetle regurgitant contains large amounts of virus and that regurgitant does not inactivate virus or seriously inhibit virus infection.
Surprisingly large quantities of virus were detected in the regurgitants of both MBB and BLB fed on systemically infected bean tissue. Regurgitants of both beetles were yellow in colour even when beetles were interrupted in feeding. The large quantities of virus, therefore, cannot be attributed to contaminating unmodified plant sap. Beetle haemolymph can act as a reservoir of virus (Slack & Scott, 1971 ) and virus can move from haemolymph into the regurgitant (Scott & Fulton, 1978) . It has also been suggested that virus is stored in the caeca of the midgut (Waiters, 1969) but it is strange, if this is the source, that beetles have large amounts of virus in the regurgitant after several days of feeding on healthy tissue during which time massive amounts of material pass through the gut.
Although a virus inhibitor can be detected in regurgitant it is of similar potency to inhibitors present in plant sap. The inhibitor probably has little, if any, effect on transmission by beetles.
Mechanical transmission utilizing Carborundum and a local lesion host is much more efficient in detecting virus than assaying by beetle transmission. Virus was often found in the regurgitant of beetles at a time when few beetles were transmitting virus. Selman (1973) argued that induced regurgitant from chrysomelid beetles cannot be equated with natural feeding responses. Our work with bromophenol blue-impregnated plant tissues did not demonstrate that the chrysomelid BLB regurgitates while feeding. Induced regurgitant was free of the dye as were feeding areas on etiolated tissue. Apparently, the beetle passes the dye to the posterior portions of the gut very rapidly. The coccinelid MBB, however, deposited bromophenol blue along feeding areas as well as producing blue-coloured induced regurgitant following feeding on bromophenol blue-impregnated tissue. Since dissection showed that the dye was not present in the haemolymph or haemocoele, it must have been deposited on the feeding areas by regurgitation.
The infection process between a virus and a plant cell is a complex phenomenon and the manner in which the virus is delivered to a plant cell to accomplish transmission is incompletely understood. These studies lend support to the suggestion that virus contained in beetle regurgitant is an essential feature of transmission.
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